Background: Although sun exposure is an established cause of cutaneous malignant melanoma, possible interactions with host factors remain incompletely understood. Here we report the first results from a large prospective cohort study of pigmentation factors and sun exposure in relation to melanoma risk. Methods: The Women's Lifestyle and Health Cohort Study included 106 379 women from Norway and Sweden who were aged 30-50 years in 1991 or 1992 when they completed an extensive questionnaire on personal characteristics and exposures. Linkages to national registries ensured complete follow-up through December 31, 1999. Poisson regression models were used to estimate relative risks (RRs). All statistical tests were two-sided. Results: During an average follow-up of 8.1 years, 187 cases of melanoma were diagnosed. Risk of melanoma was statistically significantly associated with increasing body surface area (RR for у1.79 m
reliable information was available from cancer registries; rates are now higher there than they are elsewhere in Europe (2) and are predicted to increase (3) .
Although sun exposure is the major established risk factor for melanoma (4, 5) , geographic differences in melanoma incidence cannot be attributed solely to differences in the intensity of solar exposure. Within Europe, for example, the incidence of melanoma is higher at northern latitudes, which generally have lower solar intensities, than at southern latitudes, which generally have higher solar intensities (2) , although in both Norway and Sweden, an inverse relationship between melanoma incidence and latitude has been noted (6, 7) . Hence, the effect of UV light on melanoma risk may be strongly modified by other factors, such as differences in sun sensitivity and the nature of the exposure to the sun (8) .
A number of studies have examined factors that influence the association between sun exposure and the risk of melanoma. An intermittent pattern of sun exposure, which is typically assessed by measures of sun-intensive activities, such as outdoor recreation or vacations, is associated with increased risk of melanoma (9) . In addition, many studies (4, 5, 9, 10) have reported that sunburn, which is an indicator of an intermittent pattern of sun exposure, is positively associated with the risk of melanoma. Results of many studies have suggested that childhood is a critical period for sun exposure (9) , and ecologic studies have shown more consistent associations than case-control studies between childhood sun exposure and melanoma risk (11) . Host factors such as eye color, hair color, skin color, the number of nevi, and skin reaction to chronic and acute sun exposure have also been associated with the risk of melanoma (4, 12) .
Most of what is known about the association between sun exposure and melanoma risk comes from results of case-control studies. The Nurses' Health Study is, as far as we know, the only cohort study to examine the association between sun exposure and malignant melanoma; however, a case-control design within the cohort was used in these analyses (13, 14) . Case-control studies are limited by the potential for differential bias in recall of sun exposure between case patients and control subjects (15, 16) . Prospective cohort studies can overcome such limitations because the exposure information is collected prior to disease occurrence. Here we report the first results from the Norwegian-Swedish Women's Lifestyle and Health Cohort Study, which was initiated in 1991. This study is the first prospective cohort study, to our knowledge, to examine the associations between pigmentation factors and sun exposure and the risk of malignant melanoma.
SUBJECTS AND METHODS

Study Population
For practical reasons, women were enrolled in the Norwegian-Swedish Women's Lifestyle and Health Cohort Study in both 1991 and 1992. In Norway, a nationwide random sample of 100 000 women who were born between 1943 and 1957 (i.e., aged 34-49 years at inclusion) was drawn from the National Population Register at Statistics Norway (Oslo, Norway). In Sweden, a random sample of 96 000 women who were born between 1943 and 1962 (i.e., aged 30-50 years at inclusion) and were residing in the Uppsala Health Care Region (which comprises about one-sixth of the Swedish population) was drawn from the National Population Register at Statistics Sweden (Stockholm, Sweden).
All women received a letter inviting them to participate in the study. The letter also requested that they provide written informed consent and contained a comprehensive questionnaire that was to be completed and returned in a prepaid envelope. Identical questions relevant to the analysis presented here were included in the questionnaires sent to women in the two countries. The study was approved by the Data Inspection Boards in both countries and by the regional Ethical Committees, and all women gave written informed consent to participate.
Host Factors and Exposure Information
In the questionnaires, study participants were asked to categorize their natural hair color (dark brown/black, brown, blond, or red) and their eye color (brown, gray/green, or blue) and to categorize the number of asymmetric nevi larger than 5 mm on their legs from toes to groin (0, 1, 2-3, 4-6, 7-12, 13-24, or ജ25 nevi). A brochure that was included with the questionnaire provided color pictures with three examples of asymmetric nevi.
Participants recorded their sun sensitivity according to their reactions to both acute and chronic exposure to the sun. Regarding acute sun exposure, the questionnaire asked the women to choose from among four categories to describe how their skin reacts to heavy sun exposure at the beginning of the summer: the skin turns brown without first becoming red, the skin turns red, the skin turns red with pain, or the skin turns red with pain and blisters. The women were asked to describe how their skin reacts to long-lasting or chronic sun exposure according to four categories: the skin turns deep brown, brown, or light brown, or the skin never turns brown.
Participants were asked to report their histories of sunburn and sunbathing vacations and on the frequency of their use of a solarium (i.e., a sun bed or a sunlamp that emits artificial UV light) when they were aged 10-19, 20-29, 30-39, or 40-49 years. For each age period, the participant was asked to report the number of times per year she had been burned by the sun so severely that it resulted in pain or blisters that subsequently peeled by choosing from among five categories: never, one time per year at most, two or three times per year, four or five times per year, or six or more times per year. Participants reported the average number of weeks per year spent on sunbathing vacations in southern latitudes (typically southern Europe, e.g., Spain or Greece) or within Norway or Sweden for each age period by choosing from among five categories: never, 1 week per year, 2-3 weeks per year, 4-6 weeks per year, or ജ7 weeks per year. Participants reported their average use of a solarium during each age period by choosing from among six categories: never, rarely, one time per month, two times per month, three or four times per month, or more than one time per week. The questionnaires also contained questions about the participant's current height and weight, current and past contraceptive use, reproductive history, prevalent diseases, and lifestyle.
Follow-up and Endpoints
Start of follow-up was defined as the date of receipt of the returned questionnaire. Person-years were calculated from the start of follow-up to the date of diagnosis of primary melanoma, to the date of emigration or death, or to the end of follow-up (December 31, 1999), whichever occurred first. Each resident of Norway and Sweden is assigned a unique national registration number that includes the person's date of birth; those registration numbers are entered into the nationwide databases that were used in this study. By linkage of cohort data to the national cancer registries in Norway and Sweden, this national registration number allowed us to identify cancer cases. Information on death and emigration was gathered by linkage to Statistics Norway and Statistics Sweden.
A total of 57 584 (57.6%) of the Norwegian women and 49 259 (51.3%) of the Swedish women returned completed questionnaires; the overall response rate was 54.5%. We excluded four women because of the lack of vital status information in the available register files, 18 women who had emigrated or died before the start of follow-up, 198 women who did not adequately answer the questions regarding sun exposure or personal characteristics (i.e., sun sensitivity of skin, hair color, eye color, and number of asymmetric nevi), and 244 women who were diagnosed with melanoma prior to the start of follow-up.
Statistical Analysis
Participants' geographic regions of residence were defined according to four categories: the southern region of Norway, the middle region of Norway, the northern region of Norway, and the Uppsala Health Care Region in Sweden. The latitudes of the population center of mass within each Norwegian county, which were provided by the Norwegian Mapping Authority, together with the observed number of melanoma cases in those counties, formed the basis for our definitions of the three Norwegian regions. The southern region of Norway includes Vest-Agder, Aust-Agder, Rogaland, Vestfold, Østfold, and Telemark counties, with population centers of mass located at 58°24Ј-59°31Ј N; the middle region of Norway includes Oslo, Akershus, Buskerud, Hordaland, Oppland, Hedmark, and Sogn og Fjordane counties, with population centers of mass located at 59°58Ј-61°30Ј N; the northern region of Norway includes Møre og Romsdal, Sør-Trøndelag, Nord-Trøndelag, Nordland, Troms, and Finnmark counties, with population centers of mass located at 62°44Ј-70°22Ј N. The Uppsala Health Care Region in Sweden has the population center of mass located at 59°86Ј N. Body surface area was calculated according to the formula (17) weight 0.425 × height 0.725 × 71.84 and categorized by quartiles. We combined the upper two categories of the variables concerning acute and chronic exposures to sun because of the small numbers in each category and analyzed nevus counts in three categories: 0, 1, 2-6, and ജ7 (only two categories, 0 and ജ1, were used when testing interaction effects). In the age periodspecific analyses of sunburns, sunbathing vacations, and solarium use, we combined the upper categories of these variables because of small numbers. For each of the variables (sunburns, sunbathing vacations, and solarium use), new variables were constructed to combine the exposure during the three age periods that were recorded for all women (i.e., 10-19, 20-29, 30-39 years).
We used Poisson regression analysis to estimate the association between sun exposure or personal characteristics and the risk of melanoma. The statistical significance of independent variables and interaction effects was tested by using the likelihood ratio test. We tested for trends across categories of variables by assigning equally spaced values (e.g., 1, 2, 3, or 4) to the categories and treating the variables as continuous variables in the Poisson regression analysis. All analyses were adjusted for attained age (i.e., age at study entry plus the duration of followup), which was categorized by 5-year intervals (for analyses of women aged 40 years or older, we used only two age categories, <50 years and 50-60 years), and all multivariable models also included geographic region of residence. The analyses of personal characteristics included mutual adjustments for statistically significant variables. The multivariable models used in the analyses of sunburn, sunbathing vacations, and use of a solarium included hair color. In addition, each age-specific model for use of a solarium included the corresponding numbers of agespecific sunburns and sunbathing vacations. Results are presented as relative risks (RRs) with 95% confidence intervals (CIs). All P values are two-sided, and a 5% level of statistical significance was used.
RESULTS
The final study sample consisted of 106 379 Norwegian and Swedish women. During an average 8.1 years of follow-up (median ‫ס‬ 8.3 years, range ‫ס‬ 0.01-8.6 years) corresponding to 866 668 person-years of observation, 187 incident cases of melanoma were reported to the Cancer Registries in Norway and Sweden. These incident cases occurred among 183 women for whom melanoma was their first cancer diagnosis and four women for whom melanoma was their second cancer diagnosis. All incident cancer cases were histopathologically confirmed as invasive melanoma. Characteristics of the study cohort and of the incident cases of malignant melanoma and their frequencies are summarized in Table 1 . Melanomas on the lower limbs were observed most frequently, followed by melanomas on the trunk. Classification of subtypes was less frequently performed in Sweden than in Norway. Seventy-one percent of the Norwegian cases were classified as superficial spreading melanoma (Table 1) . Table 2 summarizes the associations between personal characteristics and the risk of melanoma. Calculated body surface area was positively associated with the risk of melanoma (P trend ‫ס‬ .02), as was hair color (P trend <.001). Compared with women who had dark brown or black hair, women with blond hair had an approximately twofold higher risk of melanoma, whereas women with red hair had an approximately fourfold higher risk. Eye color was not associated with melanoma risk. We also found no statistically significant association between tanning of the skin after heavy or repeated sun exposure and the risk of melanoma, although an indication of a trend was seen for skin color after repeated sun exposure. The number of large asymmetric nevi on the legs was a strong predictor of melanoma risk: women with seven or more nevi had an approximately fivefold higher risk of melanoma than women with no nevi (P trend <.001). Mutual adjustment for all statistically significant variables listed in Table 2 did not appreciably change any of the multivariable relative risks presented in the table (data not shown).
Risks of melanoma increased with increasing numbers of sunburns women reported having during the second, third, and fourth decade of life (Table 3 ). The estimated risk of melanoma was highest for women who reported having sunburns during adolescence (i.e., the 10-19-year age period), whereas no association between risk and sunburns during the fifth decade of life (i.e., the 40-49-year age period) was observed. Next, we combined the information about the number of sunburns at ages 10-19, 20-29, and 30-39 years into one new variable. Women who had one or no sunburns per year during these three periods were used as the reference category. The other categories were sunburns two or more times per year during the adult years (i.e., 20-29 years and/or 30-39 years), sunburns two or more times per year during adolescence (i.e., 10-19 years), and sunburns two or more times per year during all three age decades (i.e., 10-19, 20-29, and 30-39 years). We observed increased risk of melanoma for the upper two categories of this new variable and a statistically significant positive trend (Table 3) . Collapsing the upper three categories into one gave a multivariable relative risk of 1.70 (95% CI ‫ס‬ 1.23 to 2.34; P ‫ס‬ .002) for sunburns two or more times per year for at least one of the three age decades as compared with a maximum of one sunburn per year in all three decades. No statistically significant interaction was found between this dichotomous sunburn variable and the number of nevi on the legs (P ‫ס‬ .84).
We found suggestive evidence for an association between increasing risk of melanoma and increasing number of weeks women spent on sunbathing vacations at ages 30-39 years (Table 4) . Although most of the point estimates and all of the trends pertaining to this association were not statistically significant, we consistently observed a risk increase of approximately 60%-70% for the highest compared with the lowest exposure category for women who took sunbathing vacations between the ages of 10 and 39 years. Increased risk, albeit not statistically significant and with no appreciable trend, was also observed when information on sunbathing vacations from these three decades of life was combined into a new variable in a way analo- gous to that described above for sunburns (Table 4) . Collapsing the upper three categories of this new variable gave a multivariable relative risk of 1.51 (95% CI ‫ס‬ 0.95 to 2.40; P ‫ס‬ .07) for sunbathing vacations one or more weeks per year in at least one of the three age decades as compared with never going on sunbathing vacations in any of the three decades. No statistically significant interaction was found between this dichotomous variable for sunbathing vacations and the number of nevi on the legs (P ‫ס‬ .58). We had limited power to examine the association between the use of a solarium during adolescence and melanoma risk because only 2% of the women in the study reported having such exposure. However, we found that compared with women who never used a solarium at ages 20-29 years, women who reported using a solarium once or more per month during that age period had a relative risk of melanoma of 2.58 (95% CI ‫ס‬ 1.48 to 4.50; P trend ‫ס‬ .006) ( Table 5 ). Use of a solarium at ages 30-39 years and 40-49 years also appeared to be associated with a risk, although not a statistically significantly increased risk, of melanoma (Table 5) . In a multivariable analysis of the combined variable for solarium use during the 10-39-year age period, women who used a solarium one or more times per month in at least one of the three decades between ages 10 and 39 had a statistically significantly higher risk of melanoma than women who had never or rarely used a solarium during those three decades (RR ‫ס‬ 1.55, 95% CI ‫ס‬ 1.04 to 2.32; P ‫ס‬ .04) ( Table 5 ).
The multivariable models in Tables 3-5 include hair color as a measure of sun sensitivity. Additional adjustment for skin color after repeated sun exposure gave similar results and did not affect the conclusions (data not shown).
DISCUSSION
Results of our prospective analysis suggest that hair color, the number of large asymmetric nevi on the legs, and body surface area are important personal characteristics that contribute to the risk of melanoma. The number of sunburns was also an important predictor of melanoma risk, and the strongest effects were associated with the number of sunburns women experienced during adolescence; there was similar, albeit weaker, evidence for an association between the number of sunbathing vacations taken in Norway, Sweden, or more southern latitudes and melanoma risk. Using a solarium one or more times per month, particularly during the 20-29-year age period, adjusted for numbers of sunburns and sunbathing vacations, was statistically significantly associated with melanoma risk.
The incidence of melanoma observed in our study was higher among the Norwegian women than among the Swedish women. The crude incidence rates of melanoma, which we calculated from the data presented in Table 1 , were 25.8 cases per 100 000 person-years of follow-up for the Norwegian women and 16.6 cases per 100 000 person-years of follow-up for the Swedish women. These incidence rates are in accordance with crude incidence rates reported for Norwegian and Swedish women for 1993 through 1997 (23.3 cases per 100 000 person-years for Norwegian women and 17.3 cases per 100 000 person-years for Swedish women) (3). Age-adjusted incidence rates of melanoma have been consistently higher among Norwegian than among Swedish women since the 1960s. We observed a strong association between hair color and melanoma risk but not between eye color and melanoma risk. These results are consistent with results of a pooled analysis of data derived from published case-control studies, in which the reported relative risks were 2.38 (95% CI ‫ס‬ 1.90 to 2.97) for individuals who have red hair compared with those who have black or dark brown hair and 1.55 (95% CI ‫ס‬ 1.35 to 1.78) for individuals who have blue eyes compared with those who have brown eyes (12) . However, the association we observed between cutaneous sensitivity to the sun (i.e., burning or tanning) and melanoma risk was much weaker than that reported in a retrospective Australian study (18) . Our findings, that hair color but not eye color was statistically significantly associated with melanoma risk, agree with those of two Danish case-control studies (19, 20) ; in addition, the association between melanoma risk and cutaneous sun sensitivity reported in those two studies was also much weaker than that for hair color. A Swedish case-control study (21) also found that hair and eye color and skin type were statistically significantly associated with melanoma risk, although the associations were considerably weaker for eye color and skin type than for hair color, whereas an early Norwegian case-control study (22) that used hospital-based control subjects found that tolerance to sun exposure, but not hair or eye color, was associated with melanoma risk. We speculate that hair color may be the best measure (combining accuracy of measurement and predictive capacity) of sun sensitivity in homogeneous fairskinned populations, such as those of Scandinavia. By contrast, reported sun sensitivity may be a less reliable measure of sun sensitivity in these populations because it depends on an individual's experience with repeated and quite heavy sun exposure, which many Scandinavian subjects may not have.
In agreement with the results of several case-control studies (23) (24) (25) , the results of our cohort study show that the number of asymmetric nevi larger than 5 mm on the legs was the strongest host risk factor for melanoma. The participants self-reported such nevi on their legs, guided by color pictures of dysplastic nevi in a brochure that was enclosed with the questionnaire. The method we used for this self-reporting has been shown to have limited accuracy for the diagnosis of one or more dysplastic nevi, with an estimated sensitivity of 29% and a specificity of 85% (26) . Hence, the relative risk of 5.3 for melanoma in the presence of seven or more large nevi on the legs that we observed in our study may underestimate the excess risk. Increased surveillance and more frequent excision of suspected lesions might, on the other hand, spuriously inflate the risk of melanoma among subjects with asymmetric nevi. However, such an effect seems unlikely because all incident cases were histopathologically confirmed invasive malignant melanomas.
Our results confirm the positive association between past history of sunburn and melanoma reported previously by the majority of case-control studies (9, 10) . Our effect estimates were higher for sunburns that occurred during adolescence than for those that occurred later in life; however, it may be too early to see the full effect of sunburns later in life in our cohort of women. Systematic reviews of case-control studies (10, 11) have not found evidence of an overall stronger effect of sunburns in early life than in later life. Furthermore, the reported doseresponse gradients of melanoma risk with frequency of sunburn were comparable during childhood and adulthood in a recent large multicenter case-control study from Europe (27) . However, it is possible that the case-control studies have underestimated the effects of sunburn during childhood and adolescence because of high recall error from the very long recall period for most subjects. All of our study subjects were younger than 50 years when they answered the questionnaire, giving a shorter recall period than in many case-control studies (9) that include subjects up to 70 years old or older. Sun exposure during sunbathing vacations is usually intense and intermittent, and results of previous case-control studies (10) suggest that there is a positive association between the incidence of melanoma and high levels of intermittent sun exposure. We recorded the number of sunbathing vacations in Norway and Sweden (at latitudes higher than 58°N, where UV levels are low, even in summer) and those in southern latitudes in the same variable, which may explain the lack of a strong association between sunbathing vacations and melanoma in our study. Previous Scandinavian studies show inconsistencies in their results on sunbathing and melanoma risk. One Swedish study (21) and a Danish study (28) found associations between vacations spent in sunny places and melanoma risk, whereas another Swedish study (29) did not.
Our results provide stronger evidence than those of other studies that solarium use is associated with an increased risk of melanoma; we found that overall, regular (i.e., one or more times per month) solarium use at any age was associated with a statistically significant 55% increase in risk of melanoma after adjustment for sun sensitivity and measures of sun exposure. Although other studies (30) (31) (32) (33) (34) have reported positive associations between melanoma risk and exposure to artificial UV light, these associations often apply to specific subgroups of the study population (e.g. the youngest subjects with melanoma), or they have not been adjusted for possible confounding with sun exposure. A recent review (35) concluded that there was insufficient evidence to determine whether or not tanning lamps cause melanoma. The more consistent and overall statistically significant association between melanoma risk and solarium use observed in our study, which may be due to the relative youth of our cohort, adds substantially to the existing evidence that artificial UV light for recreational tanning increases risk of melanoma.
Our study has several important strengths. First, because all physicians, hospital departments, and histopathologic laboratories in Norway and Sweden are obliged to report malignant diseases to the cancer registries, and the cancer registries match regularly against the death registers at Statistics Norway and Statistics Sweden, respectively, we had a complete follow-up and histopathologic confirmation of all incident cases of melanoma. Second, our study had a prospective design, such that detailed information on host factors and sun exposure was collected prior to melanoma diagnosis. Error in measurement of these factors is inevitable in epidemiologic studies of skin cancer (26, 36, 37) but can be assumed to be non-differential in the present study. By contrast, measurement error in case-control studies may be influenced by a diagnosis of skin cancer and therefore may differ in degree between cases and controls (15, 16) .
Among the limitations of our study were the comparatively small number of cases, the limited detail about the exposure measurements, and the relatively short follow-up period for solar and artificial UV light exposure during midlife. In addition, we did not adjust for the multiple comparisons made in this study. Instead, we chose to evaluate the individual associations on their own merits and with respect to results from prior studies. Finally, because our cohort included only women, our results may not be generalizable to both sexes. In Norway and Sweden, incidence rates of melanoma tend to be slightly higher among women than among men (3). However, previous case-control studies (9) have not focused on whether there are sex differences in the associations between pigmentation characteristics or sun exposure and the risk of melanoma.
The results of our cohort study suggest that public health recommendations for melanoma prevention should include a combination of information on inherent predisposition and the effects of exposure to UV radiation. Hair color and large asymmetric nevi on the legs were the most important host factors associated with risk, and our results for sunburn, sunbathing vacations, and use of a solarium support current recommendations for the avoidance of UV exposure, especially intermittent exposure, either from natural or from artificial sources. Although our study cohort is still too young to fully assess whether UV exposure during adolescence is more critical than UV exposure during adulthood for melanoma risk, there is great potential to explore this question and the important issue of interactions between risk factors in future follow-up studies of these Norwegian and Swedish women.
